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(54)  Magnetic  recording  medium  containing  fine  magnetic  crystal  grains  and  its  manufacture 

(57)  A  magnetic  recording  medium  has  a  substrate 
(1)  of  a  disk  shape  having  a  non-magnetic  surface  and 
a  through  hole  formed  at  the  central  area  of  the  sub- 
strate,  and  a  plurality  of  dispersed  island  reqions  (2a) 

made  of  magnetic  material  and  directly  formed  on  the 
non-magnetic  surface.  The  size  of  each  of  the  island  re- 
gions  is  a  single  magnetic  domain  size  or  finer  of  the 
magnetic  material.  The  island  regions  are  formed  by  co- 
hering  atoms  of  a  magnetic  film(2)  formed  by  sputtering. 
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Description 

The  present  invention  relates  to  a  magnetic  record- 
ing  medium  used  with  a  hard  disk  drive  or  the  like  for 
storing  information  by  changing  magnetization  states,  s 
and  to  a  manufacturing  method  thereof,  and  more  par- 
ticularly  to  a  low-noise  magnetic  recording  medium  suit- 
able  for  suppressing  noise  generated  when  information 
is  read  from  the  medium. 

For  low  noise  magnetic  recording  of  a  magnetic  re-  10 
cording  medium  used  with  a  magnetic  disk  drive,  it  is 
desired  that  the  size  of  each  magnetic  grain  of  the  mag- 
netic  film  is  a  single  magnetic  domain  size  or  finer  and 
to  make  magnetic  interaction  between  magnetic  grains 
substantially  negligible.  The  single  magnetic  domain  15 
size  is  defined  by  a  maximum  size  of  magnetic  material 
allowing  the  material  to  generate  only  a  single  magnetic 
dipole. 

Conventionally,  non-magnetic  material  is  added  to 
magnetic  material  of  a  magnetic  film  of  a  polycrystal  20 
structure,  and  precipitated  on  the  crystal  grain  bounda- 
ries  after  the  magnetic  film  is  formed  in  order  to  isolate 
each  crystal  grain.  In  order  to  make  a  crystal  grain  finer, 
an  underlying  layer  is  made  thin  and  crystallized  finer, 
and  a  magnetic  film  is  hetero-epitaxially  grown  on  the  25 
underlying  layer. 

With  the  conventional  method,  non-magnetic  mate- 
rial  is  required  to  be  precipitated  at  crystal  grain  bound- 
aries.  However,  precipitation  is  likely  to  be  hindered  and 
in  many  cases  non-magnetic  material  remains  in  crystal  30 
grains  at  more  than  a  solubility  limit.  This  non-magnetic 
material  contained  in  crystal  grains  exceeding  the  solu- 
bility  limit  lowers  a  coercive  force  of  crystal  grains.  If  the 
underlying  layer  is  made  thin,  it  becomes  difficult  to  ob- 
tain  crystal  orientation  with  excellent  magnetic  charac-  35 
teristics. 

It  is  therefore  desirable  to  provide  a  magnetic  re- 
cording  medium  and  a  manufacturing  method  thereof, 
the  magnetic  recording  medium  having  fine  crystal 
grains  of  magnetic  material  on  a  substrate  and  providing  40 
a  high  recording  density  and  low  noise. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  a  magnetic  recording  medium  com- 
prising:  a  substrate  having  a  non-magnetic  surface;  and 
a  plurality  of  dispersed  island  regions  made  of  magnetic  45 
material  and  directly  formed  on  the  non-magnetic  sur- 
face.  The  substrate  may  be  in  the  form  of  a  disk  having 
a  central  through  hole.  Preferably,  each  of  the  island  re- 
gions  is  a  single  magnetic  domain  size  or  finer  of  the 
magnetic  material.  so 

If  the  size  of  each  island  region  is  a  single  magnetic 
domain  size  or  finer,  only  one  magnetic  dipole  is  gener- 
ated  in  one  island  region.  Since  a  plurality  of  magnetic 
dipoles  will  not  cancel  one  another,  low  noise  and  high 
density  magnetic  recording  is  possible.  55 

In  an  embodiment  of  the  present  invention,  the  non- 
magnetic  surface  is  irregular. 

Crystals  of  a  hexagonal  system  have  a  strong  ten- 

dency  of  growing  with  the  c-axis  being  oriented  in  the 
direction  perpendicular  to  the  underlying  surface. 
Therefore,  the  c-axis  of  crystals  growing  on  the  slanted 
surface  of  the  irregular  substrate  is  not  perpendicular  to 
the  substrate  surface.  If  the  c-axis  is  an  easy-to-mag- 
netize  axis,  this  easy-to-magnetize  axis  does  not  inter- 
sect  with  the  substrate  plane  at  a  right  angle,  which  is 
suitable  for  magnetization  in  the  substrate  in-plane  di- 
rection. 

In  another  embodiment,  the  magnetic  recording 
medium  further  comprises  at  least  one  laminated  struc- 
ture  including  a  separation  layer  made  of  non-magnetic 
material  and  covering  at  least  the  surfaces  of  the  island 
regions  and  other  island  regions  made  of  magnetic  ma- 
terial  and  dispersed  on  the  surface  of  the  separation  lay- 
er. 

The  distribution  density  of  island  regions  can  be 
raised  by  forming  a  plurality  of  island  region  layers. 

According  to  another  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  of  manufacturing  a  mag- 
netic  recording  medium  comprising  the  steps  of:  prepar- 
ing  a  substrate  with  a  non-magnetic  surface;  and  form- 
ing  dispersed  island  regions  made  of  magnetic  material 
and  formed  on  the  non-magnetic  surface  of  the  sub- 
strate. 

In  a  preferred  method  of  the  present  invention,  the 
island  region  forming  step  includes  the  steps  of:  forming 
a  magnetic  film  made  of  magnetic  material  on  the  non- 
magnetic  surface  of  the  substrate;  and  cohering  atoms 
of  the  magnetic  film  by  subjecting  the  substrate  to  a  heat 
treatment  after  the  magnetic  film  is  formed  on  the  non- 
magnetic  surface. 

Preferably  also,  afterthe  island  region  forming  step, 
the  method  includes  steps  of:  forming  a  separation  layer 
made  of  non-magnetic  material  covering  at  least  the  sur- 
faces  of  the  island  regions;  and  forming,  after  the  sep- 
aration  layer  forming  step,  other  island  layers  of  mag- 
netic  material  dispersed  on  the  uppermost  surface  of  the 
substrate. 

In  embodiments  of  the  invention,  crystal  grains  of 
magnetic  material  are  formed  to  be  dispersed  on  the 
substrate  surface.  If  each  fine  crystal  grain  has  the  size 
of  a  single  magnetic  domain  size  or  finer  and  magnetic 
interaction  between  adjacent  fine  crystal  grains  is  al- 
most  negligible,  low  noise  magnetic  recording  is  possi- 
ble. 

Reference  is  made,  by  way  of  example,  to  the  ac- 
companying  drawings  in  which: 

Figs.  1A  to  1C  are  cross  sectional  views  of  a  sub- 
strate  illustrating  a  manufacturing  method  for  a 
magnetic  recording  medium  according  to  a  first  em- 
bodiment  of  the  invention; 
Figs.  2A  and  2B  are  cross  sectional  views  of  a  sub- 
strate  illustrating  a  manufacturing  method  for  a 
magnetic  recording  medium  according  to  a  second 
embodiment  of  the  invention; 
Figs.  3A  and  3B  are  cross  sectional  views  of  a  sub- 
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strate  illustrating  structures  of  magnetic  recording 
media  according  to  a  third  embodiment  of  the  inven- 
tion  and  a  modification  of  the  third  embodiment;  and 
Fig.  4  is  a  perspective  view  showing  an  example  of 
a  magnetic  recording  medium. 

A  manufacturing  method  for  a  magnetic  recording 
medium  according  to  the  first  embodiment  of  the  inven- 
tion  will  be  described  with  reference  to  Figs.  1Ato  1C. 

As  shown  in  Fig.  1A,  on  the  surface  of  a  substrate 
1  a  magnetic  film  2  is  formed.  For  example,  the  substrate 
1  is  made  of  single  crystal  silicon,  glass,  quartz,  zirconia 
(Zr02),  carbon,  or  the  like,  and  the  magnetic  film  2  is 
made  of  Fe,  Co,  Ni,  rare  earth  metal,  alloy  of  these  met- 
als,  or  the  like.  The  magnetic  film  2  is  formed  by  DC  mag- 
netron  sputtering  by  using  Ar  as  sputtering  gas  and  a 
source  metal  plate  as  a  target  under  the  conditions  of 
room  temperature  as  a  growth  temperature,  a  pressure 
of  3  mTorr,  and  an  input  power  of  500  W.  It  is  preferable 
to  set  the  thickness  of  the  magnetic  film  2  to  8  nm  or 
thinner  as  will  be  later  described.  It  is  also  preferable 
that  the  magnetic  film  2  contains  70  mol  %  or  more  of 
Fe,  Co,  Ni,  or  rare  earth  metal. 

After  the  magnetic  film  2  is  formed,  introduction  of 
Ar  gas  is  stopped  and  the  substrate  1  is  subjected  to 
heat  treatment  while  the  sputtering  chamber  is  kept  as 
a  vacuum.  It  is  not  necessarily  required  to  maintain  the 
vacuum,  and  a  non-oxidizing  atmosphere  may  be  used. 

Fig.  1  B  is  the  cross  sectional  view  of  the  substrate 
after  the  heat  treatment.  With  the  heat  treatment,  atoms 
of  the  magnetic  film  2  move  along  the  surface  of  the  sub- 
strate  1  and  cohere  to  form  island  regions  2a  made  of 
the  magnetic  material.  The  island  regions  2a  are  dis- 
persed  over  the  whole  surface  of  the  substrate  1  and 
isolated  from  each  other. 

If  the  thickness  of  the  magnetic  film  2  is  made  thick- 
er  than  8  nm  in  the  process  illustrated  in  Fig.  1A,  island 
regions  are  less  liable  to  be  formed  during  heat  treat- 
ment.  It  is  therefore  preferable  to  set  the  thickness  of 
the  magnetic  film  2  to  8  nm  or  thinner. 

The  temperature  of  heat  treatment  is  set  to  a  tem- 
perature  at  which  atoms  of  the  magnetic  film  2  can  co- 
here.  The  heat  treatment  temperature  for  the  magnetic 
film  2  made  of  Fe  or  Ni  is  preferably  300  to  500  °C,  or 
more  preferably  400  to  500  °C. 

The  heat  treatment  temperature  for  the  magnetic 
film  2  made  of  Co  is  preferably  300  to  450  °C,  or  more 
preferably  400  to  450  °C.  At  a  heat  treatment  tempera- 
ture  higher  than  450  °C,  crystal  modification  of  Co  oc- 
curs  changing  from  a  hexagonal  system  to  a  cubic  sys- 
tem.  For  magnetic  recording,  Co  of  a  hexagonal  system 
having  magnetic  anisotropy  of  crystals  is  more  prefera- 
ble.  Therefore,  the  heat  treatment  temperature  is  pref- 
erably  set  to  450  °C  or  lower.  If  the  material  whose  mag- 
netization  characteristics  are  changed  by  crystal  modi- 
fication  during  heat  treatment  is  to  be  used,  the  heat 
treatment  is  performed  in  a  temperature  range  which 
provides  a  crystal  structure  showing  desired  magneti- 

zation  characteristics. 
If  the  surface  of  the  magnetic  film  2  is  oxidized  dur- 

ing  heat  treatment,  a  smooth  migration  of  atoms  in  the 
magnetic  film  2  along  the  surface  of  the  substrate  1  is 

5  hindered.  In  order  to  make  it  easy  to  form  island  regions 
2a,  it  is  therefore  preferable  to  perform  the  heat  treat- 
ment  in  a  vacuum  or  in  an  non-oxidizing  atmosphere. 

As  shown  in  Fig.  1C,  a  protective  film  3  of,  for  ex- 
ample,  carbon  is  formed  to  a  thickness  of  10  to  20  nm, 

10  covering  the  island  regions  2a  and  the  exposed  surface 
of  the  substrate  1  .  The  carbon  protective  film  3  is  formed 
by  RF  magnetron  sputtering  under  the  conditions  of,  for 
example,  a  pressure  of  3  mTorr  and  an  input  power  of 
300  W. 

is  in  this  example  of  the  method,  Co  was  used  as  the 
material  of  the  magnetic  film  2,  the  film  thickness  was 
set  to  4  nm,  and  heat  treatment  was  performed  at  450 
°C.  Under  these  conditions,  it  was  possible  to  form  is- 
land  regions  2a.  The  size  of  each  island  region  2a  along 

20  the  plane  of  the  substrate  was  about  10  nm,  and  the 
shortest  distance  between  adjacent  island  regions  2a 
was  about  1  0  nm.  Since  the  island  size  is  about  the  sin- 
gle  magnetic  domain  size,  only  a  single  magnetic  dipole 
is  generated  in  each  island  region  2a.  Since  the  distance 

25  between  adjacent  island  regions  2a  is  about  10  nm,  it 
can  be  considered  that  there  is  substantially  no  magnet- 
ic  interaction  between  adjacent  island  regions.  Non- 
magnetic  material  is  not  contained  in  each  island  region 
2a  so  that  good  magnetic  characteristics  can  be  ob- 

30  tained. 
If  the  size  of  the  island  region  2a  is  made  too  small, 

a  super  paramagnetic  state  is  generated  and  magnetic 
dipoles  are  lost  by  thermal  fluctuation.  It  is  therefore 
preferable  to  increase  the  size  of  each  island  region  2a 

35  larger  than  the  size  at  which  the  super  paramagnetic 
state  is  generated.  In  the  case  of  Co,  the  size  is  prefer- 
ably  set  to  5  nm  or  larger. 

The  surface  of  the  protective  film  3  is  slightly  irreg- 
ular  because  of  the  unevenness  of  the  underlying  sur- 

40  face.  It  is  therefore  possible  to  weaken  an  attraction 
force  of  the  atomic  force  between  a  magnetic  head  and 
a  magnetic  recording  medium.  While  a  magnetic  record- 
ing  medium  is  at  rest  in  a  hard  disk  drive,  the  magnetic 
head  is  in  contact  with  the  surface  of  the  protective  film 

45  3,  and  while  it  rotates,  the  magnetic  head  floats  (hovers) 
slightly  over  the  surface  of  the  protective  film  3.  By  weak- 
ening  the  attraction  force  between  the  magnetic  head 
and  magnetic  recording  medium,  the  magnetic  head 
can  float  more  easily. 

so  In  the  first  embodiment,  the  magnetic  film  2  is 
formed  at  room  temperature,  and  atoms  of  the  magnetic 
film  2  are  made  to  cohere  at  the  later  heat  treatment. 
The  substrate  may  be  heated  while  the  magnetic  mate- 
rial  is  deposited  by  sputtering.  If  the  substrate  is  heated 

55  during  sputtering,  atoms  on  the  substrate  surface  be- 
come  easy  to  migrate.  Therefore,  both  deposition  of 
magnetic  material  on  the  substrate  surface  and  coher- 
ence  of  atoms  can  be  performed  generally  at  the  same 
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time. 
Island  regions  may  be  therefore  formed  without 

heat  treatment  after  sputtering.  The  substrate  surface 
during  sputtering  may  be  set  to  about  the  same  temper- 
ature  as  the  heat  treatment  temperature. 

In  the  above  embodiment,  the  grain  size  of  each  is- 
land  region  is  about  the  single  magnetic  domain  size. 
The  grain  size  may  be  made  larger  than  the  single  mag- 
netic  domain  size.  If  two  bits  are  recorded  in  one  island 
region,  two  magnetized  regions  interact  with  each  other 
and  noise  may  be  generated.  It  is  therefore  preferable 
to  set  the  size  of  an  island  region  smaller  than  one  bit 
record  area.  For  example,  in  order  to  realize  a  record 
density  of  1  0  G  bits/inch2  (1  .55  G  bit/cm2),  the  grain  size 
of  each  island  region  is  preferably  set  to  0.2  urn  or  small- 
er. 

A  manufacturing  method  for  a  magnetic  recording 
medium  according  to  the  second  embodiment  will  be  de- 
scribed  with  reference  to  Figs.  2A  and  2B.  In  the  first 
embodiment,  the  surface  of  a  substrate  is  flat,  whereas 
in  the  second  embodiment,  the  surface  of  a  substrate  is 
irregular. 

A  substrate  10  made  of  non-magnetic  material  is 
prepared  which  has  such  an  irregular  surface  as  shown 
in  Fig.  2A.  This  irregular  surface  may  be  formed  by 
abrading  it  with  suitable  abrasive  material.  The  height 
of  the  irregularities  is  preferably  set  to  about  1  0  nm  gen- 
erally  the  same  as  the  bottom  diameter  of  an  island  re- 
gion  of  magnetic  material  to  be  formed  at  a  later  proc- 
ess,  and  to  about  30  nm  or  lower  which  corresponds  to 
a  hover  gap  of  a  magnetic  head. 

The  concave  side  wall  on  the  irregular  surface  is 
preferably  formed  to  have  a  slanted  surface  having  a 
slanted  angle  6  of  30  to  90  degrees  relative  to  the  sub- 
strate  surface  (relative  to  a  virtual  flat  surface  planarized 
to  remove  irregularity).  The  height  of  the  irregularities 
and  the  slanted  angle  6  change  with  the  diameter  and 
material  of  abrasive  powder,  the  pressure  of  abrasion, 
the  number  of  revolutions,  emulsion,  and  the  like.  The 
height  of  irregularities  and  the  slanted  angle  6  are  also 
influenced  by  the  substrate  material.  It  is  therefore  pref- 
erable  to  determine  suitable  abrasion  conditions  after 
experiments  are  made  under  a  variety  of  conditions. 

As  shown  in  Fig.  2B,  island  regions  12  made  of  Co 
are  formed  on  the  surface  of  the  substrate  10.  The  island 
regions  are  formed  in  the  same  manner  as  the  first  em- 
bodiment.  A  Co  film  may  be  deposited  by  sputtering  at 
room  temperature  to  thereafter  perform  heat  treatment, 
or  Co  may  be  deposited  by  sputtering  while  the  sub- 
strate  is  heated. 

After  the  island  regions  12  are  formed,  a  protective 
film  1  3  made  of  carbon  or  the  like  is  deposited  to  cover 
the  island  regions  12. 

If  a  Co  film  is  deposited  on  an  amorphous  substrate, 
the  (0  0  1)  plane  becomes  likely  to  grow.  In  other  words, 
a  c-axis  which  is  an  easy-to-magnetize  axis  of  Co  has 
a  strong  tendency  to  orient  vertical  (perpendicular)  to 
the  substrate  surface.  For  magnetic  recording  with  mag- 

netization  along  the  substrate  in-plane,  it  is  preferable 
to  grow  a  Co  film  whose  c-axis  is  aligned  in  parallel  to 
the  substrate  plane.  If  a  Co  film  is  grown  on  a  flat  sur- 
face,  the  c-axis  becomes  vertical  to  the  substrate  plane 

5  and  the  direction  to  be  magnetized  becomes  vertical  to 
the  easy-to-magnetize  axis,  which  is  not  suitable  for 
magnetic  recording. 

As  shown  in  Fig.  2B,  if  after  the  surface  of  the  sub- 
strate  10  is  made  irregular,  the  island  region  12  is  grown 

10  on  the  slanted  surface  on  the  irregular  substrate,  the  c- 
axis  of  Co  in  each  island  region  becomes  vertical  to  the 
corresponding  slanted  surface.  Therefore,  the  c-axis 
crosses  the  substrate  plane  at  an  angle  smaller  than  90 
degrees.  Since  the  c-axis  direction  contains  substrate 

is  in-plane  components,  magnetization  in  the  substrate  in- 
plane  is  easy. 

It  can  be  empirically  considered  that  an  angle  be- 
tween  the  c-axis  of  Co  and  the  substrate  plane  is  pref- 
erably  about  30  degrees.  It  is  therefore  preferable  to  set 

20  the  slanted  angle  6  of  the  slanted  surface  on  the  irreg- 
ular  substrate  to  about  60  degrees.  Such  advantages 
are  expected  also  at  a  slanted  angle  6  of  30  to  90  de- 
grees. 

In  Figs.  2Aand2B,  Co  is  used  as  magnetic  material. 
25  Such  advantages  are  expected  for  other  materials  if 

they  have  magnetic  anisotropy  of  crystals  and  the  easy- 
to-magnetize  axis  thereof  has  a  tendency  to  orient  ver- 
tical  to  the  underlying  surface. 

Next,  a  magnetic  recording  medium  according  to 
30  the  third  embodiment  will  be  described  with  reference 

to  Figs.  3A  and  3B.  As  shown  in  Fig.  3A,  island  regions 
2aa  of  magnetic  material  are  formed  on  the  surface  of 
a  substrate  1  made  of  non-magnetic  material.  The  island 
regions  2aa  are  formed  in  the  same  manner  as  de- 

35  scribed  with  the  first  embodiment. 
Next,  a  separation  layer  4a  of  Si02  is  formed  to  a 

thickness  of  10  nm,  covering  the  surfaces  of  the  island 
regions  2aa  and  the  exposed  surface  of  the  substrate 
1  .  The  separation  film  4a  is  formed,  for  example,  by  RF 

40  magnetron  sputtering  using  mixed  gas  of  Ar  and  02  of 
a  partial  pressure  ratio  of  1  :  1  as  sputtering  gas  and  a 
Si02  plate  as  a  target,  under  the  conditions  of  a  pressure 
of  0.  1  Pa  to  5  Pa  and  an  input  power  of  1  00  to  200  W. 

On  the  surface  of  the  separation  layer  4a,  island  re- 
45  gions  2ab  of  magnetic  material  are  formed  in  the  same 

manner  as  the  first  embodiment.  The  surfaces  of  island 
regions  2ab  and  separation  layer  4a  are  covered  with  a 
protective  layer  3  made  of  carbon  or  the  like. 

The  thickness  of  the  separation  layer  4a  is  deter- 
so  mined  such  that  upper  and  lower  island  regions  do  not 

magnetically  interact  with  each  other.  For  example,  the 
thickness  of  the  separation  layer  4a  is  preferably  set  to 
10  nm  or  thicker. 

As  shown  in  Fig.  3A,  the  lamination  of  two  layers  of 
55  magnetic  material  island  regions  with  the  separation  lay- 

er  4a  being  interposed  therebetween  increases  the  dis- 
tribution  density  of  island  regions  along  the  substrate  in- 
plane.  It  is  therefore  possible  to  raise  the  record  density. 

5 
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In  Fig.  3A,  the  lamination  of  two  island  layers  is 
used.  Three  or  more  island  layers  may  be  used.  Also  in 
the  third  embodiment,  Si02  is  used  as  the  separation 
layer.  Other  non-magnetic  materials  such  as  Cr02  and 
Zr02  may  be  used. 

Fig.  3B  is  a  cross  sectional  view  of  a  magnetic  re- 
cording  medium  according  to  a  modification  of  the  third 
embodiment.  A  non-magnetic  layer  5  is  formed  on  the 
surface  of  a  substrate  1,  and  island  regions  2aa  are 
formed  on  the  surface  of  the  non-magnetic  layer  5.  The 
other  structures  are  the  same  as  those  of  the  magnetic 
recording  medium  shown  in  Fig.  3A. 

The  non-magnetic  layer  5  is  made  of,  for  example, 
Si02,  carbon,  or  metal  oxide  such  as  Ti02.  Since  the 
non-magnetic  layer  5  is  interposed  between  the  sub- 
strate  1  and  island  regions  2aa,  atoms  constituting  the 
substrate  1  and  island  regions  2aa  can  be  suppressed 
from  being  mutually  diffused. 

In  Figs.  3A  and  3B,  the  surface  of  the  substrate  1  is 
generally  flat.  If  magnetic  material  having  magnetic  an- 
isotropy  of  crystals  is  used,  the  surfaces  of  the  substrate 
1  or  non-magnetic  layer  5  may  be  made  irregular  as 
shown  in  Fig.  2A. 

Fig.  4  is  a  perspective  view  showing  an  example  of 
a  magnetic  recording  medium.  A  magnetic  material  lay- 
er  is  formed  in  an  area  52  of  a  disk  50  having  a  central 
through  hole  51  ,  excepting  the  opposite  peripheral  are- 
as  53  and  54  of  both  sides  of  the  disk.  A  three-point  flex- 
ural  strength  of  the  disk  50  is  preferably  50  MPa  or  larg- 
er.  The  disk  50  is  clamped  at  the  inner  peripheral  area 
53  to  mount  it  on  the  rotary  shaft  of  a  disk  drive.  When 
magnetic  material  is  deposited  by  sputtering,  the  disk 
50  is  clamped  at  the  outer  peripheral  area  54  to  hold  it 
in  a  sputtering  system. 

The  area  52  of  the  disk  50  has  a  cross  section  such 
as  shown  in  Figs.  1C,  2B,  3A,  or  3B.  The  magnetic  ma- 
terial  has  crystal  grains  each  having  a  single  magnetic 
domain  size  or  smaller  and  being  isolated  to  the  extent 
that  the  grains  do  not  magnetically  interact  with  each 
other.  Therefore,  low  noise  magnetic  recording  is  pos- 
sible. 

The  present  invention  has  been  described  in  con- 
nection  with  the  preferred  embodiments.  The  invention 
is  not  limited  only  to  the  above  embodiments.  It  is  ap- 
parent  to  those  skilled  in  the  art  that  various  modifica- 
tions,  improvements,  combinations  and  the  like  can  be 
made  without  departing  from  the  scope  of  the  appended 
claims. 

Claims 

1.  A  magnetic  recording  medium  comprising: 

a  substrate  having  a  non-magnetic  surface;and 

a  plurality  of  dispersed  island  regions  made  of 
magnetic  material  and  directly  formed  on  the 

preparing  a  substrate  with  a  non-magnetic  sur- 
so  face;  and 

forming  dispersed  island  regions  made  of  mag- 
netic  material  and  formed  on  the  non-magnetic 
surface  of  the  substrate. 

55  10.  A  method  according  to  claim  9,  wherein  said  island 
region  forming  step  includes  the  steps  of: 

forming  a  magnetic  film  made  of  magnetic  ma- 

non-magnetic  surface. 

2.  A  magnetic  recording  medium  according  to  claim  1  , 
wherein  a  size  of  each  of  said  island  regions  is  a 

5  single  magnetic  domain  size  or  finer  of  the  magnetic 
material. 

3.  A  magnetic  recording  medium  according  to  claim 
lor  2,  wherein  the  non-magnetic  surface  is  irregular. 

10 
4.  A  magnetic  recording  medium  according  to  claim  3, 

wherein  a  slanted  angle  of  a  slanted  surface  of  the 
irregular  non-magnetic  surface  is  30  to  90  degrees. 

15  5.  A  magnetic  recording  medium  according  to  claim  1, 
2,  3,  or  4,  wherein  said  island  regions  are  made  of 
magnetic  material  selected  from  a  group  consisting 
of  Fe,  Co,  Ni,  rare  earth  metals  and  alloys  contain- 
ing  these  metals  as  main  compositions. 

20 
6.  A  magnetic  recording  medium  according  to  any  pre- 

ceding  claim,  further  comprising  at  least  one  lami- 
nated  structure  including  a  separation  layer  made 
of  non-magnetic  material  and  covering  at  least  the 

25  surfaces  of  the  island  regions  and  other  island  re- 
gions  made  of  magnetic  material  and  dispersed  on 
the  surface  of  the  separation  layer. 

7.  A  magnetic  recording  medium  according  to  any  pre- 
30  ceding  claim,  wherein  said  substrate  is  made  of 

non-magnetic  material  selected  from  a  group  con- 
sisting  of  single  crystal  silicon,  glass,  quartz,  car- 
bon,  and  zirconia. 

35  8.  A  magnetic  recording  medium  according  to  any  pre- 
ceding  claim,  wherein  said  substrate  includes: 

an  underlying  substrate  with  an  upper  surface; 
and 

40  a  non-magnetic  material  layer  formed  on  the 
upper  surface  of  said  underlying  substrate  and 
made  of  non-magnetic  material  selected  from 
a  group  consisting  of  silicon  oxide,  carbon,  and 
metal  oxide. 

45 
9.  A  method  of  manufacturing  a  magnetic  recording 

medium  comprising  the  steps  of: 

preparing  a  substrate  with  a  non-magnetic  sur- 
50  farfv  anrl 

6 
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terial  on  the  non-magnetic  surface  of  the  sub- 
strate;  and 
cohering  atoms  of  the  magnetic  film  by  subject- 
ing  the  substrate  to  a  heat  treatment  after  the 
magnetic  film  is  formed  on  the  non-magnetic  s 
surface. 

11.  A  method  according  to  claim  10,  wherein  a  thick- 
ness  of  the  magnetic  film  formed  by  said  magnetic 
film  forming  step  is  8  nm  or  thinner.  10 

1  2.  A  method  according  to  claim  1  0  or  1  1  ,  wherein  the 
magnetic  film  is  made  of  Co,  and  said  cohering  step 
performs  heat  treatment  of  the  substrate  at  300  to 
450  °C.  is 

1  3.  A  method  according  to  claim  1  0  or  1  1  ,  wherein  the 
magnetic  film  is  made  of  Fe  or  Ni,  and  said  cohering 
step  performs  heat  treatment  of  the  substrate  at  300 
to  500  °C.  20 

14.  A  method  according  to  claim  9,  wherein  said  island 
region  forming  step  includes  the  step  of  depositing 
magnetic  material  on  the  non-magnetic  surface  of 
the  substrate  by  sputtering  while  the  substrate  tern-  25 
perature  is  maintained  at  300  °C  or  higher. 

1  5.  A  method  according  to  claim  1  4,  wherein  said  island 
regions  are  made  of  Co,  and  said  depositing  step 
deposits  Co  at  the  substrate  temperature  of  300  to  30 
450  °C. 

1  6.  A  method  according  to  claim  1  4,  wherein  said  island 
regions  are  made  of  Fe  or  Ni,  and  said  depositing 
step  deposits  Fe  or  Ni  at  the  substrate  temperature  35 
of  300  to  500  °C. 

17.  A  method  according  to  claim  9,  10,  or  11,  wherein 
said  island  regions  are  made  of  magnetic  material 
selected  from  a  group  consisting  of  Fe,  Co,  Ni,  rare  40 
earth  metals  and  alloys  containing  these  metals  as 
main  compositions. 

1  8.  A  method  according  to  any  of  claims  9  to  1  7,  where- 
in  the  magnetic  material  of  the  island  regions  has  45 
magnetic  anisotropy  of  crystals  and  a  magnetic  sus- 
ceptibility  in  the  direction  perpendicular  to  a  growth 
surface  smaller  than  that  in  the  direction  of  a  growth 
in-plane,  and  the  method  further  comprises  the  step 
of  making  the  non-magnetic  surface  of  the  sub-  so 
strate  irregular  after  said  substrate  preparing  step 
and  before  said  island  regions  forming  step. 

19.  A  method  according  to  claim  18,  wherein  a  slanted 
angle  of  a  slanted  surface  of  the  irregular  surface  55 
formed  by  said  irregular  surface  forming  step  is  30 
to  90  degrees. 

32  A1  10 

20.  A  method  according  to  claim  9,  further  comprising, 
before  said  island  regions  forming  step,  the  steps 
of: 

preparing  an  underlying  substrate  made  of  non- 
magnetic  material;  and 
forming  a  non-magnetic  material  layer  formed 
on  the  surface  of  the  underlying  substrate  and 
made  of  non-magnetic  material  selected  from 
a  group  consisting  of  silicon  oxide,  carbon,  and 
metal  oxide. 

21.  A  method  according  to  claim  9,  further  comprising, 
after  said  island  regions  forming  step,  the  steps  of: 

forming  a  separation  layer  made  of  non-mag- 
netic  material  and  covering  at  least  the  surfaces 
of  the  island  regions;  and 
forming,  after  said  separation  layer  forming 
step,  other  island  regions  of  magnetic  material 
and  dispersed  on  the  uppermost  surface  of  the 
substrate. 

22.  A  method  according  to  claim  21  ,  further  comprising 
the  step  of  repeating  said  separation  layer  forming 
step  and  said  other  island  regions  forming  step. 

23.  A  method  of  manufacturing  a  magnetic  recording 
medium  comprising  the  steps  of: 

preparing  a  substrate  with  a  non-magnetic  sur- 
face; 
forming  a  magnetic  film  of  magnetic  material  on 
the  non-magnetic  surface  of  the  substrate;  and 
subjecting  the  substrate  with  the  magnetic  film 
formed  thereon  to  a  heat  treatment. 

24.  A  method  according  to  claim  23,  wherein  said  mag- 
netic  film  forming  step  forms  the  magnetic  film  to  a 
thickness  of  8nm  or  thinner. 

25.  A  method  according  to  claim  23  or  24,  wherein  said 
heat  treatment  step  performs  a  heat  treatment  of 
the  substrate  at  a  temperature  of  300  °C  or  higher. 

26.  A  method  of  manufacturing  a  magnetic  recording 
medium  comprising  the  steps  of: 

preparing  a  substrate  with  a  non-magnetic  sur- 
face;  and 
depositing  magnetic  material  on  the  non-mag- 
netic  surface  of  the  substrate  by  sputtering 
while  the  substrate  is  heated  and  maintained  at 
a  temperature  higher  than  a  room  temperature. 

27.  A  method  according  to  claim  26,  wherein  said  mag- 
netic  material  depositing  step  deposits  the  magnet- 
ic  material  while  the  substrate  is  heated  and  main- 
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tained  at  a  temperature  higher  than  300  °C. 

28.  A  magnetic  recording  medium  or  a  method  accord- 
ing  to  any  preceding  claim,  wherein  the  substrate 
has  a  disk  shape  and  wherein  a  through  hole  is  s 
formed  at  the  central  area  of  said  substrate. 

10 
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